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Set Items Description 

51 192116 ALUMINATE OR (ALUMINUM OR AL) (W) (OXIDE OR 0) OR AL203 OR R- 

UBY OR SAPPHIRE OR LEUCOSAPPHIRE 

52 5854 CI=(AL SS(S) 0 SS)(S)NE=2 

53 26395 Y203 OR ( Y OR YTTRIUM) (W) (OXIDE OR O) OR DI YTTRIUM (W) TRIOX- 

IDE OR NANOTEK OR YTTRIUM (W) SESQUIOXI DE OR CI=(Y SS(S) O SS) (- 
S) NE=2 

54 665 ZRSI(W)0 OR SILICON (W) ZIRCONIUM (W) OXIDE OR CI=(SI SS(S) ZR 

SS (S) 0 SS) (S)NE=3 

55 34 ZR(W)SI(W)0 

56 236 HF(W)SI{W)0 OR HAFNIUM (W) SILICON (W) OXIDE OR HAFNIUM (W) ALLOY 

OR CI=(SI SS(S) HF SS(S) O SS) (S)NE=3 

57 9083 LA203 OR (LA OR LANTHANUM) (W) (OXIDE OR O) OR (DILANTHANUM - 

OR LANTHANUM) (W) (OXIDE OR TRIOXIDE) OR CI=(LA SS(S) O SS) (S)N- 
E=2 . . 

58 36583 ZR02 OR (ZR OR ZIRCONIUM) (W) (OXIDE OR 0) OR SUPEROXI DO (W) {- 

ZIRCONIUM OR ZR) OR BADDELEYITE OR CI=(ZR SS(S) 0 SS)(S)NE=2 

59 1 SUPEROXID? (W) (ZIRCONIUM OR ZR) 

510 2582 HF02 OR (HF OR HAFNIUM) (W) (OXIDE OR 0 OR DIOXIDE) OR HAFNO- 

TRAST OR CI=(HF SS(S) 0 SS) (S)NE=2 

511 1547 PR203 OR (PRASEODYMIUM OR PR) (W) (OXIDE OR O OR SESQUIOXIDE 

OR TRIOXIDE) OR PRASEODYMIA OR CI={PR SS(S) 0 SS) (S)NE=2 

512 84176 TI02 OR (TI OR TITANIUM) (W) (OXIDE OR O) OR RUTILE OR SAGEN- 

ITE OCTAHEDRITE OR CI={TI SS(S) O SS) (S)NE=2 

513 540767 SI02 OR (SILICON OR SI) (W) (DIOXIDE OR 02) OR SILICA OR MYR- 

ICKITE OR TRIDYMITE OR BOBKOVITE OR MOGANITE OR QUARTZ OR CRI- 
STOBALITE OR ADELITE OR ACTICEL 

514 10051 ACEMATT OR STISHOVITE OR COESITE OR SIBELITE OR CRYSVARL OR 

CRYSTOBALITE OR SARDONYX OR QUARTZINE OR SIKRON OR MILLISIL - 
OR ROCK (W) CRYSTAL OR CI={SI SS(S) 0 SS) (S)NE=2 

515 3993 FLASH (2N) (MEMORY OR RAM) 

516 2056 FLASH (2N) MEMORIES 

517 135 (S15 OR S16) AND (S1:S14) 

518 94 RD (unique items) 

519 1 S18 AND DRAIN? ? AND SOURCE 

520 38 S18 AND (DIELECTRIC OR OXIDE OR INSULAT? ) (3N) (FILM? OR LAY- 

ER? OR COAT?) 

521 11 (S15 OR S16) AND (S1:S12) 

522 10 S21 NOT S20 

523 39 S19 OR S20 

524 49 S18 NOT (S19 OR S20 OR S21) 
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22/3, AB/1 (Item 1 from file: 2) 

DIALOG ( R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

6980848 INSPEC Abstract Number: B2001-08-1265D-018 , C2001-08-5320Z-002 
Title: Stack gate PZT/Al/sub 2/O/sub 3/ one transistor ferroelectric 

memory T _ v 

Author(s): Chin, A.; Yang, M.Y.; Sun, C.L.; Chen, S.Y. 

Author Affiliation: Dept. of Electron. Eng., Nat. Chiao Tung Univ., 
Hsinchu, Taiwan 

Journal: IEEE Electron Device Letters vol.22, no. 7 p.JJb-tf 
Publisher: IEEE, 

Publication Date: July 2001 Country of Publication: USA 

CODEN: EDLEDZ ISSN: 0741-3106 

SICI: 074 1-3106 (200107) 22 :7L. 336 :SGAT;1-B 

Material Identity Number: 1338-2001-007 

U.S. Copyright Clearance Center Code: 074 1-3106/2001 /$10 . 00 

Language: English . 

Abstract- We have developed a single transistor ferroelectric memory 
using stack gate PZT/Al/sub 2/O/sub 3/ structure. For the same -40 AA 
dielectric thickness, the PZT/Al/sub 2/O/sub 3//Si gate dielectric has much 
better C-V characteristics and larger threshold voltage shift than those of 
PZT/SiO/sub 2//Si. Besides, the ferroelectric MOSFET also shows a large 
output current difference between programmed on state and erased off state. 
The <100 us erase time is much faster than that of flash memory 
where the switching time is limited by erase time. 

Subfile: B C 

Copyright 2001, IEE 
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5256230 INSPEC Abstract Number: A9611-9385-038 , B9606-77 10D-04 0 
Title: A new family of real-time wave and tide instruments 
Author(s): Trageser, J.I. 

Author Affiliation: InterOcean Systems Inc., San Diego, CA, USA 
Conference Title: ^Challenges of Our Changing Global Environment s . 

Conference Proceedings. OCEANS ^95 MTS/IEEE (Cat. No . 95CH35870 ) Part 

vol . 3 ' p. 1760-8 vol . 3 

Publisher: IEEE, New York, NY, USA 

Publication Date: 1995 Country of Publication: USA 3 vol. 

(xxxxiii+xxxvii+2103) pp. 

ISBN: 0 933957 14 9 Material Identity Number: XX95-03107 

Conference Title: ^Challenges of Our Changing Global Environment^. 
Conference Proceedings. OCEANS s 95 MTS/IEEE 

Conference Sponsor: Marine Technol . Soc . ; OES; IEEE 

Conference Date: 9-12 Oct. 1995 Conference Location: San Diego, CA, 
USA 

Language: English 

Abstract: A series of compact, intelligent instruments were developed as 
a low-cost solution to the needs of marine scientists and engineers for 
measurement of nondirectional wave characteristics as well as tides. The 
design of these instruments varies from a pressure sensor connected to a 
laptop PC to a self contained instrument consisting of a precision 
silicon-on-sapphire pressure sensor, 32 bit microprocessor, and 
flash memory . In the first case the data collection and wave 
analysis are controlled by software running on the remote computer. In the 
second case, the same wave processing algorithms are contained in firmware 
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of the internal 32 bit microprocessor. The instruments output one minute 
tide averages, wave statistics, and 62 spectral surface energy components 
for wave periods from 3 seconds to 30 seconds. A description of the 
instrument design is presented along with the theory of operation and a 
discussion of the algorithms chosen for the processing of the wave 
statistics. The mooring arrangements used off the San Diego coast for inter 
comparison studies is described. Two of the new instruments were deployed 
along with an S4ADW directional wave current meter. The data and processing 
methods from all three instruments are compared to the wave statistics data 
obtained from the single-point wave gauge located at the Scripps Pier in La 
Jolla, CA which is installed and operated under the Coastal Data 
Information Program by the Scripps Institute of Oceanography. 

Subfile: A B 
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DIALOG (R) File 8 : Ei Compendex(R) 

(c) 2002 Elsevier Eng. Info. Inc. All rts. reserv. 

06101152 

E.I. No: EIP02307034395 

Title: Sapphire - A JavaCard VM for a 1-MB flash memory 

smart card 

Author: Suzuki, Katsuhiko; Hirata, Shinichi; Yamamoto, Shuichiro 

Source: NTT Review v 14 n 1 January 2002. p 20-22 

Publication Year: 2002 

CODEN: NTTREK ISSN: 0915-2334 

Language: English 

Abstract: The most critical problem with JavaCards in the limited memory 
capacity of smart cards. Although JavaCard VM can handle multiple 
applications, the smaller the smart card memory, the fewer applets it can 
run. The Sapphire is designed to resolve this issue, providing a 
large flash memory capacity of 1 Mbyte. 
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(c) 2002 Elsevier Eng. Info. Inc. All rts. reserv. 

04352492 

E.I. No: EIP96023040505 

Title: New family of real-time wave & tide instruments 
Author: Trageser, James H. 

Corporate Source: InterOcean Systems, Inc, San Diego, CA, USA 
Conference Title: Proceedings of the 1995 IEEE/MTS Oceans Conference. 
Part 3 (of 3) 

Conference Location: San Diego, CA, USA Conference Date: 
19951009-19951012 

E.I. Conference No.: 44345 

Source: Oceans Conference Record (IEEE) v 3 1995. IEEE, Piscataway, NJ, 
USA, 95CB35870. p 1760-1768 
Publication Year: 1995 
CODEN: OCNSDK ISSN: 0197-7385 
Language: English 

Abstract: A series of compact, intelligent instruments were developed as 
low-cost solution for measurement of non-directional wave characteristics 
as well as tides. The instruments' design varies from a pressure sensor 
connected to a laptop PC to a self-contained instrument consisting of a 
precision silicon-on-sapphire pressure sensor, 32-bit microprocessor, 
and flash memory. In the first case the data collection and 
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wave analysis are controlled by software running on the remote computer. In 
the second, the same wave processing algorithms are contained in firmware 
of the internal 32-bit microprocessor. A description of the instrument 
design is presented along with the theory of operation and a discussion of 
the algorithms chosen for the processing of the wave statistics. The 
mooring arrangements used off the San Diego coast for inter-comparison 
studies is described. 5 Refs. 
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DIALOG (R) File 34 : SciSearch ( R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

10733374 Genuine Article#: 562UV Number of References: 0 
Title: Sapphire - A JavaCard VM for a 1-MB flash memory 

smart card (ABSTRACT AVAILABLE) 
Author (s): Suzuki K (REPRINT) ; Hirata S; Yamamoto S 

Corporate Source: Nippon Telegraph & Tel Publ Corp, NTT Informat Sharing 

Platform Labs, Chiyoda Ku, 1-6 Uchishiwai Cho, 1 Chome/Tokyo 100//Japan/ 
(REPRINT); Nippon Telegraph & Tel Publ Corp, NTT Informat Sharing 
Platform Labs, Chiyoda Ku, Tokyo 100//Japan/ 

Journal: NTT REVIEW, 2002, V14, Nl (JAN), P20-22 

ISSN: 0915-2334 Publication date: 20020100 

Publisher: NTT CORP, 1-6 UCHISAIWAI-CHO 1 CHOME, CHIYODA-KU, TOKYO, 100, 
JAPAN 

Language: English Document Type: ARTICLE 

Abstract: The most critical problem with JavaCards is the limited memory 
capacity of smart cards. Although JavaCard VM can handle multiple 
applications, the smaller the smart card memory, the fewer applets it 
can run. The Sapphire is designed to resolve this issue, 
providing a large flash memory capacity of 1 Mbyte. 
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09763421 Genuine Article#: 445HR Number of References: 13 
Title: Stack gate PZT/A1203 one transistor ferroelectric memory ( 

ABSTRACT AVAILABLE) 
Author(s): Chin A (REPRINT) ; Yang MY; Sun CL; Chen SY 

Corporate Source: Natl Chiao Tung Univ, Dept Elect Engn,Hsinchu 300//Taiwan/ 
(REPRINT); Natl Chiao Tung Univ, Dept Elect Engn, Hsinchu 300/ /Taiwan/ ; 
Natl Chiao Tung Univ, Dept Mat Sci & Engn, Hsinchu 300//Taiwan/ 

Journal: IEEE ELECTRON DEVICE LETTERS, 2001, V22, N7 (JUL), P336-338 

ISSN: 0741-3106 Publication date: 20010700 

Publisher: IEEE-INST ELECTRICAL ELECTRONICS ENGINEERS INC, 345 E 47TH ST, 

NEW YORK, NY 10017-2394 USA 
Language: English Document Type: ARTICLE 

Abstract: We have developed single transistor ferroelectric memory using 
stack gate PZT/A1203 structure. For the same similar to 40 
Angstrom dielectric thickness, the PZT/A1203/Si gate dielectric 
has much better C-V characteristics and larger threshold voltage shift 
than those of PZT/Si02/Si. Besides, the ferroelectric MOSFET also shows 
a large output current difference between programmed on state and 
erased off state, The <100 ns erase time is much faster than that of 
Flash memory where the switching time is limited by erase 
time . 
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DIALOG (R) File 94 : JICST-EPlus 

{c)2002 Japan Science and Tech Corp(JST). All rts. reserv. 

05081849 JICST ACCESSION NUMBER : 02A0178186 FILE SEGMENT: JICST-E 
Smart Card Information Sharing Platform. Sapphire. A JavaCard VM for 

a 1-MB Flash Memory Smart Card. 
SUZUKI K (1); HIRATA S (1); YAMAMOTO S (1) 
(1) Ntt Corp. 

NTT Rev, 2002, VOL. 14, NO. 1, PAGE. 20-22, FIG. 4 
JOURNAL NUMBER: F0282BAW ISSN NO: 0915-2334 

UNIVERSAL DECIMAL CLASSIFICATION: 681.32.07 681.3.06 681.327 

LANGUAGE: English COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 

ARTICLE TYPE: Commentary 

MEDIA TYPE: Printed Publication 

ABSTRACT: The most critical problem with JavaCards is the limited memory 
capacity of smart cards. Although JavaCard VM can handle multiple 
applications, the smaller the smart card memory, the fewer applets it 
can run. The Sapphire is designed to resolve this issue, 
providing a large flash memory capacity of 1 Mbyte, (author 
abst.) 
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(c)2002 Japan Science and Tech Corp(JST). All rts. reserv. 

04858879 JICST ACCESSION NUMBER: 01A0340324 FILE SEGMENT: JICST-E 
Implementation and evaluation of JavaCard "Sapphire" designed for 

SmartCard with flash memory. 
HIURA YUJI (1); SUZUKI KATSUHIKO (1); YOSHIDA SHINSUKE (1) 
(1) Nippon Telegraph and Telephone Corp. (NTT), Information Sharing 

Platform Lab. , JPN 
Denshi Joho Tsushin Gakkai Gijutsu Kenkyu Hokoku{IEIC Technical Report 

{Institute of Electronics, Information and Communication Enginners) , 

2001, VOL .100, NO . 54 1 ( KBSE2000 54-65), PAGE. 9-16, FIG. 9, TBL.2, REF. 8 
JOURNAL NUMBER: S0532BBG 

UNIVERSAL DECIMAL CLASSIFICATION: 681.3.06 62 1 . 382 . 2/ . 3 . 04 9 . 7 7 
LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 
ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

ABSTRACT: High performance and multi-purpose SmartCard was realized and 
various service developments being expected. "Sapphire" is a 
JavaCard which is the multi-application environment on SmartCard 
implemented with a mass flash memory (1MB). But there is a 
problem that the access speed to the memory decreases in the case of 
frequently being updated to data, because flash memory 

isn't fully bit-alterable. In this paper, we report on the speed-up and 
optimization technology of flash memory management on 
SmartCard by adaptation of the characteristic of JavaCard. (author 
abst . ) 
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15686909 PASCAL No.: 02-0394410 

Sapphire - A JavaCard VM for a 1-MB flash memory smart 
card 
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SUZUKI K; HI RATA S; YAMAMOTO S 

Journal: NTT Review, 2002, 14 (1) 20-22 

Language: English 

The most critical problem with JavaCards in the limited memory capacity 
of smart cards. Although JavaCard VM can handle multiple applications, the 
smaller the smart card memory, the fewer applets it can run. The 
Sapphire is designed to resolve this issue, providing a large 
flash memory capacity of 1 Mbyte. 
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15151088 PASCAL No. : 01-0314398 

Stack gate PZT/A1203 one transistor ferroelectric memory 
CHIN A; YANG M Y; SUN C L; CHEN S Y 

Department of Electronics Eng. National Chiao Tung University, Hsinchu 
300, Taiwan 

Journal: IEEE Electron Device Letters, 2001, 22 (7) 336-338 
Language: English 

We have developed single transistor ferroelectric memory using stack gate 
PZT/A1203 structure. For the same Degree similar to<pilcrow>4 0 A 
dielectric thickness, the PZT/A1203 /Si gate dielectric has much 
better C-V characteristics and larger threshold voltage shift than those of 
PZT/Si02/Si. Besides, the ferroelectric MOSFET also shows a large output 
current difference between programmed on state and erased off state. The 
<100 ns erase time is much faster than that of Flash memory 
where the switching time is limited by erase time. 
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DIALOG (R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

7432308 INSPEC Abstract Number: B2002-12-1265D-063, C2002-12-5320G-04 6 
Title: Multi-level vertical channel SONOS nonvolatile memory on SOI 
Author(s): Yong Kyu Lee; Suk Kang Sung; Jae Seong Sim; Chang Ju Lee; Tae 
Hun Kim; Sang Hun Lee; Jong Duk Lee; Byung Gook Park; Dong Hun Lee; Young 
Wuk Kim 

Author Affiliation: Inter-university Semicond. Res. Center, Seoul Nat. 
Univ., South Korea 

Conference Title: 2002 Symposium on VLSI Technology. Digest of Technical 
Papers (Cat. No . 01CH37303 ) p. 208-9 
Publisher: IEEE, Piscataway, NJ, USA 

Publication Date: 2002 Country of Publication: USA xii+228 pp. 
ISBN: 0 7803 7312 X Material Identity Number: XX-2002-01 94 1 

U.S. Copyright Clearance Center Code: 0-7803-7312-X/02/$17 . 00 
Conference Title: 2002 Symposium on VLSI Technology Digest of Technical 
Papers 

Conference Date: 11-13 June 2002 Conference Location: Honolulu, HI, 
USA 

Language: English 

Abstract: A new VC-SONOS (vertical channel SONOS) memory cell structure 
is proposed and fabricated using a 0.12 mu m SOI standard logic process for 
a next generation flash memory cell with ultra high density. 
This fabricated VC-SONOS memory cell, which has 57 nm wide vertical 
channels and 15 AA tunnel gate oxide, shows not only scaling breakthrough 
beyond 0.10 mu m flash memory but also multi-level operation 
with negative programming voltages. 

Subfile: B C 

Copyright 2002, IEE 
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DIALOG (R) File 2 : INSPEC 

(c) 2002 Institution of Electrical Engineers. All rts. reserv. 

6754166 INSPEC Abstract Number: B2000-12-2530F-04 4 

Title: Impact of electrical stress on hot-electron injection in ultra-thin 
SiO/sub 2/ films 

Author (s): Okhonin, S.; Berk, Y . ; lis, A.; Fazan, P.; Guegan, G.; 
Deleonibus, S.; Martin, F. 

Author Affiliation: Inst. for Micro- and Optoelectron. , Swiss Federal 
Inst, of Technol., Lausanne, Switzerland 

Conference Title: ESSDERC f 99. Proceedings of the 29th European 
Solid-State Device Research Conference p. 588-91 

Editor (s): Maes, H.E.; Mertens, R.P.; Declerck, G.; Grunbacher, H. 

Publisher: Editions Frontieres, Neuilly sur Seine, France 

Publication Date: 1999 Country of Publication: France xv+743 pp. 

ISBN: 2 86332 245 1 Material Identity Number: XX-1 999-0361 6 

Conference Title: ESSDERC'99. Proceedings of the 29th European 
Solid-State Device Research Conference 

Conference Sponsor: IEEE; IMEC 

Conference Date: 13-15 Sept. 1999 Conference Location: Leuven, Belgium 
Language: English 

Abstract: Hot electron injection from the silicon substrate into 
ultra-thin SiO/sub 2/ layers is investigated before and after an electrical 
stress. It is shown that the hot electron tunneling increases after 
Fowler-Nordheim injection similar to the normally measured 
stress-induced-leakage effect. In contrast the hot-electron emission over 
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the silicon/silicon dioxide barrier is lower after the same 
stress. This is due to the high sensitivity of hot electron emission to the 
stress-induced negative charge in the oxide. The studied effects are 
particularly important to understanding of the mechanisms of flash 
memory degradation. 

Subfile: B 

Copyright 2000, IEE 



23/3, AB/3 (Item 3 from file: 2) 

DIALOG (R) File 2 : INSPEC 
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6417976 INSPEC Abstract Number: B2000-01-1265D-010 

Title: Of f -stochiomet ric silicon oxides for applications in low-voltage 
flash memories 

Author (s): Irrera, F. ; Russo, F. 

Author Affiliation: Dipt, di Ingegneria Elettronica, Rome Univ., Italy 
Journal: Microelectronic Engineering Conference Title: Microelectron . 
Eng. (Netherlands) vol.48, no. 1-4 p. 423-6 
Publisher : Elsevier, 

Publication Date: Sept. 1999 Country of Publication: Netherlands 

CODEN: MIENEF ISSN: 0167-9317 

SICI : 0167-9317 (199909) 4 8 : 1 /4L . 4 23 : SSOA; 1-X 

Material Identity Number: F621-1999-006 

U.S. Copyright Clearance Center Code: 01 67-9317 /99/$20 . 00 

Conference Title: 11th Biennial Conference on Insulating Films on 
Semiconductors 

Conference Date: 16-19 June 1999 Conference Location: Koster Banz, 
Germany 

Language: English 

Abstract: In this paper we systematically investigate the mechanism of 
enhanced Fowler-Nordheim injection in a MOS capacitor under accumulation 
when a film of of f-stochiometric silicon oxide is deposited between the 
polygate and the thermal silicon dioxide. Experimental results 
prompt for application in low-voltage flash memories. 
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6330214 INSPEC Abstract Number: Bl 999-10-1265D-004 

Title: 2-dimensional simulation of FN current suppression including phonon 
assisted tunneling model in silicon dioxide 

Author (s): Eikyu, K . ; Sakakibara, K.; Ishikawa, K. ; Nishimura, T. 

Author Affiliation: ULSI Dev. Center, Mitsubishi Electr. Corp., Itami, 
Japan 

Journal: IEICE Transactions on Electronics vol.E82-C, no . 6 p. 889-93 

Publisher: Inst. Electron. Inf. & Commun. Eng, 

Publication Date: June 1999 Country of Publication: Japan 

CODEN: IELEEJ ISSN: 0916-8524 

SICI : 0916-8 524 ( 199906) E82C : 6L. 889: DSCS; 1-2 

Material Identity Number: P7 12- 1 999-007 

Language: English 

Abstract: A gate oxide excess current model is described, based on the 
phonon-assisted tunneling process of electrons into neutral traps. The 
influence on the local electric field of the charge of electrons trapped by 
neutral traps in the gate oxide is simulated using a two-dimensional device 
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simulator into which the new model is incorporated. Fowler-Nordheim (FN) 
current is suppressed with an increase in the neutral trap density to over 
10/sup 19/ cm/sup -3/. The calculated results reflect the endurance 
characteristics of flash memories in which erase/write 
operation speed depends on FN current. 
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5938956 INSPEC Abstract Number: B9807-2570F-006 

Title: Charging and intrinsic-leakage current peaks in thin silicon- 
dioxide films 

Author(s): Yamada, R. ; Yugami, J.; Ohkura, M. 

Author Affiliation: Central Res. Lab., Hitachi Ltd., Tokyo, Japan 
Conference Title: 1997 Symposium on VLSI Technology. Digest of Technical 
Papers (IEEE Cat. No . 97CH361 14 ) p. 147-8 

Publisher: Japan Soc. Appl . Phys, Tokyo, Japan 

Publication Date: 1997 Country of Publication: Japan xv+162 pp. 
ISBN: 4 930813 75 1 Material Identity Number: XX98-00123 

Conference Title: Proceedings of 1997 Symposium on VLSI Technology 
Conference Date: 10-12 June 1997 Conference Location: Kyoto, Japan 
Language: English 

Abstract: A new leakage mode in thin SiO/sub 21 films which may affect 
the retention characteristics of flash memories is examined. To 
improve the reliability of flash memories , electrical 
properties of the gate oxide were studied by using MOS capacitors. Since a 
transient current as well as a steady current is observed in a MOS 
capacitor under a constant gate bias, the time dependence of the current 
was measured to separate these currents. Through this operation, current 
peaks were found in both the transient and the steady current dependences 
on the gate bias. The peak for the transient current can be explained by 
resonant tunneling through traps near the oxide interface, and that for the 
steady current can be attributed to resonant tunneling leakage through 
traps distributed in the bulk oxide. The latter mechanism is a form of 
intrinsic leakage that affects the retention characteristics, and thus it 
should be considered in designing flash memories. 
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5802215 INSPEC Abstract Number: B9802-1265D-031 

Title: A 0.24- mu m/sup 2/ cell process with 0.18- mu m width isolation 
and 3-D interpoly dielectric films for 1-Gb flash 
memories 

Author (s): Kobayashi, T./ Mastsuzaki, N.; Sato, A.; Katayama, A.; Kurata, 
H.; Miura, A.; Mine, T . ; Goto, Y. ; Morimoto, T. ; Kume, H . ; Kure, T./ 
Kirnura, K. 

Author Affiliation: Central Res. Lab., Hitachi Ltd., Kokubunji, Japan 
Conference Title: International Electron Devices Meeting 1997. IEDM 
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Conference Title: International Electron Devices Meeting. I EDM Technical 
Digest 

Conference Sponsor: Electron Devices Soc . IEEE 

Conference Date: 7-10 Dec. 1997 Conference Location: Washington, DC, 
USA 

Language: English 

Abstract: We have developed a 0.24- mu m/sup 21 contactless-array 
flash memory cell by using 0.2- mu m process technology. For 
reducing the data line pitch, a 0.18- mu m-wide self-aligned shallow groove 
isolation (SGI) is formed between memory cells, by filling the grooves with 
boron phosphosilicate glass (BPSG), to maintain the isolation breakdown 
voltage. In addition, three-dimensional (3-D) CVD SiO/sub 2/ single- 
layer interpoly dielectric films with high capacitance 

are employed to decrease the internal operating voltage by increasing the 
coupling ratio. These processes are the keys to fabricating 1-Gb 
flash memory cells. 
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Title: Influence of carbon contamination on ultra thin gate oxide 
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Journal: Proceedings of the SPIE - The International Society for Optical 

Engineering Conference Title: Proc . SPIE - Int. Soc. Opt. Eng. { USA) 

vol.2875 p. 207-15 

Publisher: SPIE-Int. Soc. Opt. Eng, 

Publication Date: 1996 Country of Publication: USA 
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Material Identity Number: C574-96227 
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Conference Title: Microelectronic Device and Multilevel Interconnection 
Technology II 

Conference Sponsor: SPIE 

Conference Date: 16-17 Oct. 1996 Conference Location: Austin, TX, USA 
Language: English 

Abstract: When an Si wafer is transported after the gate oxidation 
process, the gate oxide surface is exposed to the clean room air, and 
hydrocarbons in the clean room air adhere to the gate oxide surface. In 
this paper, we demonstrate that the carbon contamination caused by wafer 
exposure to the clean room air induces degradation of the gate oxide 
reliability, and we have improved the gate oxide performance by using a 
closed system, where the oxidation is followed by in-situ phosphorus-doped 
polysilicon gate formation. Carbon contamination is a serious problem for 
gate oxide films used under high electric field conditions, 
such as a tunnel oxide for flash memories. 
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4963125 INSPEC Abstract Number: B9507-2550E-04 0 

Title: Characterization of PECVD Si/sub x/O/sub y/N/sub z/:H films and its 
correlation to device performance and reliability 

Author(s): Moinpour, M. ; Mack, K. ; Cham, J.; Moghadam, F. ; Williams, B. 

Author Affiliation: Intel Corp., Santa Clara, CA, USA 

Conference Title: Materials Reliability in Microelectronics IV. Symposium 
p. 75-82 

Editor (s): Borgesen, P.; Coburn, J.C.; Sanchez, J.E., Jr.; Rodbell, K.P.; 
Filter, W.F. . . 

Publisher: Mater. Res. Soc, Pittsburgh, PA, USA 

Publication Date: 1994 Country of Publication: USA xv+630 pp. 
Conference Title: Materials Reliability in Microelectronics IV. Symposium 
Conference Date: 5-8 April 1994 Conference Location: San Francisco, 
CA, USA 

Language: English 

Abstract: For integrated circuits, the integrity and film quality of the 
final passivation layer plays an important role in device performance and 
reliability. Hydrogenated amorphous silicon oxynitride ( alpha -Si/sub 
x/N/sub y/O /sub z/:H) films deposited by plasma enhanced 
chemical vapor deposition (PECVD) have been extensively used for final 
device passivation applications. In this paper, a detailed characterization 
of the PECVD oxynitride process for 200 mm Si wafer processing is 
presented. Silicon oxynitride of various compositions were deposited by 
changing the amounts of silane, ammonia, nitrogen and nitrous oxide in the 
reactant gas stream. Ultraviolet /visible (UV/VIS) spectroscopy, Fourier 
transform infrared (FTIR) spectroscopy, Rutherford backscattering 
spectrometry {RBS} , and refractive index measurements were used to examine 
the variation in physical, optical and electrical properties. A correlation 
is observed between the oxynitride film composition, mainly the N-H/Si-H 
ratio, and UV transmissivity (UV %T) which is of particular interest for 
memory applications. Effects of oxynitride film quality on e-test 
parameters and device performance are discussed. 
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Conference Title: 12th Biannual Conference on Insulating Films on 
Semi-Conductors (INFOS 2001) 

Conference Location: Udine, Italy Conference Date: 20010 620-20010623 
E.I. Conference No.: 58721 

Source: Microelectronic Engineering v 59 n 1-4 November 2001. 510p 

Publication Year: 2001 

CODEN: MIENEF ISSN: 0167-9317 

Language: English 

Abstract: The proceedings contains 73 papers from the Conference on 
Microelectronic Engineering. The topics discussed include: carrier 
transport properties of thin gate oxides after soft and hard breakdown; 
current noise at oxide hard breakdown; electron trap generation in gate 
oxides; a two-trap tunneling model for stress-induced leakage currents 
(SILC) in flash memories; and reversed electron-hole pair 
transport in silicon on insulator (SOI) structures. (Edited abstract) 
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Title: Non-volatile MOSFET memory device based on mobile protons in 
Si0//2 thin films 

Author: Vanheusden, K . ; Warren, W.L.; Devine, R.A.B.; Fleetwood, D.M.; 
Draper, B.L.; Schwank, J'. R. 

Corporate Source: US Air Force Research Lab, Kirtland Air Force Base, NM, 
USA 

Conference Title: Proceedings of the 1998 2nd International Conference on 
Amorphous and Crystalline Insulating Thin Films II 

Conference Location: Hong Kong, China Conference Date: 

19981012-19981014 

E.I. Conference No.: 55673 

Source: Journal of Non-Crystalline Solids v 254 1999. p 1-10 

Publication Year: 1999 

CODEN: JNCSBJ ISSN: 0022-3093 

Language: English 

Abstract: It is shown how mobile H** plus ions can be generated thermally 
inside the oxide layer of Si/SiO//2/Si structures. The 

technique involves only standard silicon processing steps: the non-volatile 
field effect transistor (NVFET) is based on a standard MOSFET with 
thermally grown SiO//2 capped with a poly-silicon layer. The capped 
thermal oxide receives an anneal at approximately 1100 degree C that 
enables the incorporation of the mobile protons into the gate oxide. The 
introduction of the protons is achieved by a subsequent 500-800 degree C 
anneal in a hydrogen-containing ambient, such as forming-gas (N//2:H//2 
95:5). The mobile protons are stable and entrapped inside the oxide 
layer, and unlike alkali ions, their space-charge distribution can be 
controlled and rearranged at room temperature by an applied electric field. 
Using this principle, a standard metal-oxide-semiconductor (MOS) transistor 
can be converted into a non-volatile memory transistor that can be switched 
between 'normally on' and 'normally off. Switching speed, retention, 
endurance, and radiation tolerance data are presented showing that this 
non-volatile memory technology can be competitive with existing Si-based 
non-volatile memory technologies such as the floating gate technologies 
(e.g. Flash memory). {Author abstract) 23 Refs. 
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Language:, English 
~ Abstract: Dielectric films composed of silicon oxide 

-nitride-oxide (ONO) structure have been grown over a polycrystalline 
silicon phosphorous-doped substrate. The films with a total thickness of 
about 30 nm have been obtained by two different deposition techniques of 
the top-oxide layer i.e. thermal oxidation of the nitride 
layers and low pressure chemical vapour deposition, while the bottom 
oxide and the nitride layer were obtained by thermal oxidation 
and low pressure chemical vapour deposition, respectively. The chemical 
composition was measured, by XPS Auger parameter . technique while the 
thickness of the deposited layers was determined by the X-ray reflectivity 
method and compared with the measurements performed on transmission 
electron microscopy cross-section images. The influence of the layer 
composition and thickness on the electrical properties of the whole 
film, used as dielectric layer of a capacitor with doped 

polycrystalline silicon as electrodes, have been investigated by measuring 
current as a function of voltage to study the mechanisms which contribute 
to an increase of the leakage current with increasing applied voltage. 
Furthermore, electrical erasable programmable read-only flash 
memory devices built using these dielectric layers in the 

floating gate structure have been measured for 'data retention loss' after 
thermal stress. The results give a complete picture on the role of the two 
topmost layers of the ONO structure towards the electrical behaviour. 
(Author abstract) 18 Refs. 
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Archer, L.B.; Wallace, R.M. 

Corporate Source: Sandia Natl Lab, Albuquerque, NM, USA 

Conference Title: Proceedings of the 1997 IEEE Nuclear and Space 
Radiation Effects Conference, NSREC . Part 1 (of 3) 
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E.I. Conference No.: 47658 

Source: IEEE Transactions on Nuclear Science v 44 n 6 pt 1 Dec 1997 p 
1789-1798 

Publication Year: 1997 
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Abstract: A low-voltage, radiation-tolerant, nonvolatile field effect 
transistor (NVFET) memory involving proton motion in SiO//2 is illustrated 
in both bulk Si and silicon-on-insulator devices. We discuss a mechanism by 
which the protons are created in the oxide layer by a forming 
gas anneal. At low temperature (T less than 250 degree C) , the H** plus is 
largely x imprisoned* in the buried SiO//2 layer; i.e., the ions are 
sandwiched between the two encapsulating Si layers. The Si layers can be 
either c-Si or poly-Si, thus the technology is compatible with standard Si 
processing. The protons can be reliably and controllably drifted from one 
interface to another without any noticeable degradation in the signal past 
10**6 cycles. Under an unbiased condition, the net proton density is not 
significantly affected by radiation up to at least 100 krad (SiO//2) . Last, 
we compare many of the properties of the NVFET to commercial flash 
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nonvolatile memories. (Author abstract) 34 Refs. 
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Melanotte M 

Corporate Source: Univ Catania, Dept Phys,Corso Italia 57/1-95129 
Catania//Italy/ (REPRINT); Univ Catania, Dept Phys, 1-95129 
Catania//Italy/; Univ Catania , INFM, 1-95129 Catania//Italy/; 
CNR, IMM, 1-95121 Catania// Italy/ ; STMicroelectronics , C R&D, 1-95121 
Catania//Italy/ 

Journal: APPLIED PHYSICS LETTERS, 2002, V81, N19 (NOV 4), P3591-3593 
ISSN: 0003-6951 Publication date: 20021104 

Publisher: AMER INST PHYSICS, CIRCULATION & FULFILLMENT DIV, 2 HUNTINGTON 

QUADRANGLE, STE 1 N 0 1, MELVILLE, NY 11747-4501 USA 
Language: English Document Type: ARTICLE 

Abstract: The induced changes of the flatband voltage by the location of 
holes in a silicon-rich oxide (SRO) film sandwiched between 
two thin Si02 layers [used as gate dielectric in a 
metal-oxide-semiconductor (MOS) capacitor] can be used as the two 
states of a memory cell. The principle of operation is based on holes 
permanently trapped in the SRO layer and reversibly moved up and down, 
close to the metal and the semiconductor, in order to obtain the two 
logic states of the memory. The concept has been verified by suitable 
experiments on MOS structures. The device exhibits an excellent 
endurance behavior and, due to the low mobility of the holes at low 
field in the SRO layer, a much longer refresh time compared to 
conventional dynamic random access memory cells. (C) 2002 American 
Institute of Physics. 
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Title: Radiation damage in flash memory cells (ABSTRACT 
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Author(s): Claeys C (REPRINT) ; Ohyama H; Simoen E; Nakabayashi M; 
Kobayashi K 

Corporate Source: Katholieke Univ Leuven,EE Dept , Kasteelplein 10/B-3001 
Louvain//Belgium/ (REPRINT); IMEC, B-3001 Louvain//Belgium/ ; 
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ISSN: 0168-583X Publication date: 20020100 
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Language: English Document Type: ARTICLE 

Abstract: Results are presented of a study on the effects of total 
ionization dose and displacement damage, induced by high-energy 
electrons, protons and alphas, on the performance degradation of 
flash memory cells integrated in a microcomputer. A 
conventional stacked-gate n-channel flash memory cell using 
a 0.8 mum n-polysilicon gate technology is employed. Irradiations by 
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1-MeV electrons and 20-MeV protons and alpha particles were done at 
room temperature. The impact of the fluence on the input 
characteristics, threshold voltage shift and drain and gate leakage, as 
investigated. The threshold voltage change for proton and alpha 
irradiations is about three orders of magnitude larger than that for 
electrons. The performance degradation is mainly caused by the total 
ionization dose (TID) damage in the tunnel oxide and in the interpoly 
dielectric layer and by the creation of interface traps at 
the Si -Si02 interface. The impact of the irradiation temperature 
on the device degradation was studied for electrons and gammas, 
pointing out that irradiation at room temperature is mostly the worst 
case. Finally, attention is given to the impact of isochronal and 
isothermal annealing on the recovery of the degradation introduced 
after room temperature proton and electron irradiation. (C) 2002 
Elsevier Science B.V. All rights reserved. 
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(REPRINT); CNR, IMETEM, 1-95121 Catania//Italy/; STMicroelect , 1-95121 
Catania//Italy/; Univ Catania, Dept Phys, 1-95129 Catania//Italy/ 
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ISSN: 0021-8979 Publication date: 20010515 
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NY 11747-4501 USA 
Language: English Document Type: ARTICLE 

Abstract: Metal-oxide-semiconductor capacitors in which the gate oxide has 
been replaced with a silicon rich oxide (SRO) film 
sandwiched between two thin Si02 layers are presented and 
investigated by transmission electron microscopy and electrical 
measurements. The grain size distribution and the amount of 
crystallized silicon remaining in SRO after annealing have been studied 
by transmission electron microscopy, whereas the charge trapping and 
the charge transport through the dots in the SRO layer have been 
extensively investigated by electrical measurements. Furthermore, a 
model, which explains the electrical behavior of such SRO capacitors, 
is presented and discussed. (C) 2001 American Institute of Physics. 
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Abstract: The high-temperature (T) reliability behavior of 

merged-transistor source side injection (SSI) Flash nonvolatile 
memory (NVM) devices is evaluated in terms of endurance and 
disturb effects related to stress induced leakage current (SILC) , and 
correlated with the high-T behavior (generation, anneal) of oxide 
traps. As compared to room-T, program/erase (P/E) cycling at 150 
degrees C results in an improved endurance due to an enhanced charge 
emission. The impact of the operating temperature on SILC-related 
disturb effects, on the other hand, depends on two combined effects in 
memory cells where large local charge trap-up influences the threshold 
voltage, V-t : 1) the T-enhanced trap generation and 2) the T-enhanced 
emission of trapped charge which influences the disturb field. In the 
case of the HIMOS-cell-which is discussed here-long-term nonvolatility 
can still be guaranteed at 150 degrees C. 

Finally, bake tests at higher temperatures (250-300 degrees C) have 
been performed in order to evaluate the persistence of the generated 
damage, It is found that bulk oxide traps are not cured by the bake 
and, therefore, no long-term relief of SILC-related disturb effects is 
expected at 150 degrees C. 
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Abstract: Thin silicon-rich-oxide (SRO) film can be an 

efficient and reliable tunneling injector for the low voltage 
application in Flash memory cell. To date, no work has been 
done on the quantitative and microscopical tunneling model for the SRO 
enhancement behavior. Moreover, no complete investigation on 
array-level SRO Flash cell have been presented. In this paper, a new 
low voltage SNAND (SRO NAND) cell is proposed and investigated, 
especially in term of performance characteristics and reliability 
issues, Furthermore, a two-dimensional microscopical model for SRO 
tunneling characteristics is developed to quantitatively explain the 
tunneling enhancement characteristics for SRO Flash memory 
cell. Results show that the tunneling model agrees well with the 
tunneling characteristics of SNAND cell and also provided the insight 
into tunnel oxide scaling in SNAND cell operation. The erase and 
program voltage can be reduced from 22 V to 7 V and 12 V with improved 
erase speed up to 2 orders, respectively. More than 10(5) endurance 
cycles are achieved. The feasibility of the SNAND cell is demonstrated. 
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Abstract: The impact of the use of oxynitride tunnel film on write, erase 
and read operations of flash memories was investigated. We' 
found that during electron ejection from a floating gate into a drain, 
band-to-band tunneling currents of flash memory cells with 
tunnel films having a high degree of nitridation are two orders of 
magnitude smaller than that of flash memory cells with 
oxide tunnel films. Consequently, higher-nitridation tunnel 
films improve the endurance characteristics of flash memory 
. However, during electron injection from a channel into the floating 
gate, Fowler-Nordheim tunneling gate currents of flash 
memory cells with higher-nitridation tunnel films are two orders 
of magnitude smaller than that of flash memory cells with 
oxide tunnel films. Moreover, the threshold " voltage of 
flash memory cells with oxynitride tunnel films is 
0.24-0.48 V smaller than that of flash memory cells with 
oxide tunnel films in read operations. These results can be 
explained by the modification of the electric field under oxynitride 
tunnel films due to the formation of donor layers, which is induced by 
nitridation of tunnel oxide films. 
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'Abstract: The effects of constant current stress and Co-60 gamma 

irradiation on MOS capacitors with tunnel oxide have been investigated. 
The thin tunnel oxide is one of the topic steps of Flash EE PROM 
memories technological process. Two different device technologies 
have been used. We have observed a qualitative agreement between the 
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results obtained with the two methods, indicating that also radiation 
testing can be a valuable tool to investigate the quality of thin 
tunnel oxide layers. Copyright (C) 1996 Elsevier Science 
Ltd. 
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Abstract:' Methods for dividing flash memory arrays into 

erasable blocks of flexible size have been studied. Blocks are 
partitioned along the word lines and the source lines in 
different blocks are disconnected. A minimum block is formed along one 
word lines from which blocks different in volume are constituted 
easily. In this dividing scheme, the data disturb time of unselected 
blocks becomes longer, resulting in undesirable threshold reduction. 

It was found that this data disturb endurance is improved by 
biasing the source at about 5 V. When the state is ' '1, ' * it 
prevents channel formation so that no hot hole injection into the 
floating gate takes place. In the case of ''0'' state, this bias 
reduces the electric fields between the floating gate and the 
drain; and hence the F-N tunneling current is suppressed. By this 
method, data disturb endurance in unselected blocks was improved to be 
more than 10,000 cycles. 
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Abstract: We propose, for the first time, highly reliable flash-type EE PROM 
cell fabrication using in-situ multiple rapid thermal processing (RTP) 
technology. In this study, rapid thermal oxynitridation tunnel 
oxide (RTONO) film formations followed by in-situ arsenic 
(As) -doped floating-gate polysilicon growth by rapid thermal chemical 
vapor deposition (RTCVD) technologies are fully utilized. The results 
show that after 5 x 10(4) program/erase (P/E) endurance cycles, the 
conventional cell shows 65% narrowing of the threshold voltage (V(t)) 
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window, whereas the RTONO cell indicates narrowing of less than 20%. A 
large number of nitrogen atoms (approximately-greater-than 10(20) 
atoms/cm3) are confirmed by secondary ion mass spectrometry (SIMS), 
pile up at the Si02/Si interface and distribute into bulk 
Si02. It is considered that in the RTONO film stable Si-N bonds 
are formed which minimize electron trap generation as well as the 
neutral defect density, resulting in lower V(t) shifts in P/E stress. 
In addition, the RTONO film reduces the number of hydrogen atoms 
because of final N20 oxynitridation . The SIMS data shows that by the 
in-situ RTCVD process As atoms (9 x 10(20) atoms/cm3) are incorporated 
uniformly into 1000-angstrom-thick film. Moreover, the RTCVD 
polysilicon film indicates an extremely flat surface. The 
time-dependent dielectric breakdown (TDDB) characteristics of interpoly 
oxide-nitride-oxide (ONO) film exhibited no 

defect-related breakdown and 5 times longer breakdown time as compared 
to phosphorus-doped polysilicon film. Therefore, the flash-EEPROM cell 
fabricated has good charge storing capability. 



23/3,AB/22 (Item 1 from file: 94) 

DIALOG (R) File 94 : JICST-EPlus 

(c)2002 Japan Science and Tech Corp(JST). All rts. reserv. 

04955839 JICST ACCESSION NUMBER: 01A0700104 FILE SEGMENT: JICST-E 
Analysis of Gate Disturbance Degradation by Nitridation of Flash Tunnel 
Oxide . 

ARAI M (1); HASHIDZUME T (1); NITTA T (1); ODAKE Y (1); MATSUO I (1) 
(1) Matsushita Electronics Corp., Kyoto, Jpn 

Jpn J Appl Phys Part 1, 2001, VOL .40, NO . 4 B, PAGE . 2969-2976, FIG. 14, TBL.l, 
REF.26 
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DOCUMENT TYPE: Journal 
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ABSTRACT: In this work, an experimental analysis of gate disturbance 

degradation with negative bias stress caused by nitridation of flash 
tunnel oxide has been performed. Nitrided tunnel oxide successfully 
suppresses gate disturbance with positive bias stress, however, it 
enhances gate disturbance with negative bias stress. A similar gate 
polarity dependence has been observed in charge-to-breakdown and gate 
voltage shifts during Fowler-Nordheim stress. We propose the following 
dual-quality-layer model, which can explain all the polarity results. A 
poor-quality layer compared with base oxide is concurrently 
formed at the region where nitrogen atoms do not exist during 
nitridation. Subsequent to program/erase stress, more hole traps are 
created at the surface of tunnel oxide and modulate the energy band at 
the surface of tunnel oxide. Therefore, electrons can easily tunnel 
through the oxide with a negative bias stress because of the reduced 
barrier height at the surface of tunnel oxide, (author abst.) 
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ABSTRACT: In nonvolatile memories such as flash memory, 

the thin oxide film is used as a tunneling dielectric for 
electron transportation to the floating gate in semiconductor 
manufacturing. The oxide film should have a strong 

dielectric strength the reason why electron tunneling is carried out 
under high electric field condition. During transportation of the 
carriers through the oxide, some of them are trapped in oxide 
film. Carrier trapping gives rise to the space charge in the 
oxide, causing window narrowing and oxide breakdown. Therefore, 
high-reliability ultra-thin oxide is required for nonvolatile memories. 
The purpose of this paper investigates performance of a newly developed 
WVG system by catalytic reaction for gate oxide formation process 
required ultraclean ambience. The dependence of electrical 
characteristics on gate oxidation ambience using WVG system was 
investigated. From these results, we suggest a newly developed 
technology for ultra-thin gate oxide formation with high reliability, 
(author abst . ) . 
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ABSTRACT: The impact of an in-situ nitrogen and phosphorus co-doped 
amorphous silicon as a scalable floating gate material for future 
flash memories is discussed. An oxidation-resistant surface 
with a homogeneous and smooth texture of the crystallized in-situ 
nitrogen and phosphorus co-doped amorphous silicon improves the 
reliability of the interpolyCVD-Si02 dielectric remarkably. The 
tunnel oxide at the edge of the floating gate is immune from the loss 
of the reliability because little loss of the gate dimension, achieved 
by the oxidation-resistant feature, secures an enough floating gate 
area overlapping with the source as designed. The in-situ nitrogen and 
phosphorus co-doped a-Si is a promising floating gate material that can 
well function in the scaled-down flash memory, (author 
abst . ) 
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ABSTRACT : Simultaneous improvement of tunnel oxide reliability, such as 
stress-induced leakage current, hole trap, electron trap and 
charge-to-breakdown (Qbd) characteristics, has been desired to achieve 
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high performance of Flash Memories. In this paper, we 
propose a novel RTO (rapid thermal oxidation) process to realize 
excellent tunnel oxide characteristics for the first time. Essence of 
the process is combination with rapid thermal, high temperature and 
diluted steam oxidation processes. As the results of Ols peak 
observations by X-ray Photoelectron Spectroscopy (XPS ) , mechanism of 
reliability improvement compared to the traditional steam oxidation 
process is expected to reduce weak Si-0 bonds and/or imperfections of 
Si-0 network near Si/Si02 interface by viscous relaxation, 
(author abst . ) 
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ABSTRACT: The write cycle lifetime of a flash memory device is 

limited by the reliability of the Si02 tunnel film, whose failure 
modes include dielectric breakdown, electron capture and excess 
currents. The authors investigated the relation beween dielectric 
breakdown, film thickness and film area. They also determined 
that injected holes in the oxide layer are responsible for 
excess currents. Nitriding the oxide layer was found 

effective for suppressing electron capture and excess currents, {author 
abst . ) 
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ABSTRACT: To materialize a highly reliable flash memory, 
operation of the flash memory, and structure and a 
manufacture method for an oxide film are discussed. At 
first, operation principles of writing and erasure of various 
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flash memories are described. Secondarily, degradation of 
the oxide film caused by charge injection to the 
oxide film or a manufacture method of a thin oxide 
film are examined respectively by using Si rich Si02 

.Lastly, degradation caused by difference in operation principles is 
examined by comparing a flash memory using a overall 

bipolarity FN tunnel diode for write and erasure, with other memories. 



23/3,AB/30 (Item 9 from file: 94) 

DIALOG (R) File 94 : JICST-EPlus 

(c)2002 Japan Science and Tech Corp(JST). All rts. reserv. 

02707749 JICST ACCESSION NUMBER: 96A0203842 FILE SEGMENT: JICST-E 
Formation of ultrathin oxide films. 

IWAMOTO TOSHIYUKI (1); MIYAKE TOSHINORI (1); OMI TADAHIRO (1) 
(I) Tohoku Univ., Fac. of Eng. 

Busseiken Dayori, 1996, VOL. 35, NO. 5, PAGE. 41-46, FIG. 10, TBL.l, REF.4 
JOURNAL NUMBER: F0457AAT ISSN NO: 0385-9843 

UNIVERSAL DECIMAL CLASSIFICATION: 539.23:54-31 621.382.002.2 

LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 

ARTICLE TYPE: Commentary 

MEDIA TYPE: Printed Publication 



23/3,AB/31 (Item 10 from file: 94) 

DIALOG (R) File 94 : JICST-EPlus 

(c)2002 Japan Science and Tech Corp(JST). All rts. reserv. 

02333224 JICST ACCESSION NUMBER: 95A0451252 FILE SEGMENT: JICST-E 
The Effect on the Tunnel Oxide Characteristics of Insulator 

Films on the Gate Electrode. 
USHIYAMA MASAHIRO (1); YASHIMA HIDEYUKI (1); KUME HITOSHI (1); MIURA HIDEO 

(2); ADACHI TETSUO (3); NISHIMOTO TOSHIAKI (3); KOMORI KAZUHIRO (3); 

KATO MASATAKA (3); OJI YUZURU (3) 
(1) Hitachi, Ltd., Cent. Res. Lab.; (2) Hitachi, Ltd., Mech. Eng. Res. Lab. 
; (3) Hitachi, Ltd. 

Denshi Joho Tsushin Gakkai Gijutsu Kenkyu Hokoku{IEIC Technical Report 
{Institute of Electronics, Information and Communication Enginners) , 
1995, VOL.95,NO.10(SDM95 6-18), PAGE. 27-33, FIG. 10, REF.3 

JOURNAL NUMBER: S0532BBG 

UNIVERSAL DECIMAL CLASSIFICATION: 621.382 MIS 621.382.08 
LANGUAGE: Japanese COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 
ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

ABSTRACT: We have investigated the effect on the tunnel oxide 
characteristics of insulator films on the gate electrode. 
Electron traps are generated in tunnel oxides by high-temperature 
oxidation of a Si3N4 film in an ONO film on the gate electrode. 
Microscopic Raman spectroscopy and wafer bending showed that the 
oxidation of the Si3N4 film generates stronger tensile stress in the 
poly-Si gate electrode: The stress is thought to weaken the bonds of 
tunnel oxides, which may generate electron traps, (author abst . ) 
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ABSTRACT: We have proposed a heavy oxynit ridat ion ( RTONO) technology of the 
tunnel oxide, and successfully applied it to the scaled flash-type 
EEPROMs. Excellent program and erase (P/E) endurance properties were 
obtained with much small window closure (less than 6%) . In addition, 
good P/E speeds are also obtained. The SIMS results show that a large 
number of N atoms (>1020 atoms/cm3) are incorporated into Si02, 
while the number of H atoms is decreased. Accordingly, almost no 
increase of trapped charge by the P/E stress is induced. Thus, this 
technology is the key to providing flash-EEPROM in the submicron 
regime, (author abst . ) 
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ABSTRACT: The dielectric breakdown characteristics of thermal oxide 

films grown by dry and wet oxidation are investigated. The 

reliability of gate oxide is a very important problem in such MOS devices 

as dynamic RAM and flash memory. It is found that the 

oxide films grown by wet oxidation have lower B-mode failure 

rates and greater B-mode breakdown fields than the oxide films 

grown by dry oxidation. In contrast, it is found that the reliability of 

the C mode of the oxide films does not differ consistently 

between the films grown by dry and wet oxidation. It is concluded from the 
results that as-grown defect causing B-mode failure may shrink or be 
reduced during wet oxidation. 
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The limitation current in Si SUB 3 N SUB 4 /SiO SUB 2 stacked 
dielectric films has been investigated systematically for both 
field directions by using n SUP + and p SUP + polycrystalline Si (poly-Si) 
gate capacitors and by varying the bottom oxide thickness. It can be 
explained by the combination of Poole-Frenkel current in nitride layer and 
Fowler-Nordheim current in bottom oxide layer for all the 
cases. The trap depth for Poole-Frenkel current, the thickness of bottom 
oxide for Fowler-Nordheim current, and the barrier heights at the 
interfaces are the factors to determine the limitation current. The trap 
depths of holes and electrons for Poole-Frenkel current in nitride layer 
are calculated to be 0.6 and 0.9 eV, respectively. The limitation current 
with negative gate bias, is thought to be- Poole-Frenkel of holes and 
electrons both in nitride layer for thin (<= SUB >= 30 A) and thick { > 30 
A) bottom oxides, respectively. On the other hand, the limitation current 
with positive gate bias is thought to be Poole-Frenkel of holes in nitride 
layer and Fowler-Nordheim of electrons in bottom oxide layer 
for thin and thick bottom oxides, respectively. 
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Dielectric films composed of silicon oxide 
-nitride-oxide (ONO) structure have been grown over a polycrystalline 
silicon phosphorous-doped substrate. The films with a total thickness of 
about 30 nm have been obtained by two different deposition techniques of 
the top-oxide layer i.e. thermal oxidation of the nitride 
layers and low pressure chemical vapour deposition, while the bottom 
oxide and the nitride layer were obtained by thermal oxidation 
and low pressure chemical vapour deposition, respectively. The chemical 
composition was measured' by XPS Auger parameter" technique while the 
thickness of the deposited layers was determined by the X-ray reflectivity 
method and compared with the measurements performed on transmission 
electron microscopy cross-section images. The influence of the layer 
composition and thickness on the electrical properties of the whole 
film, used as dielectric layer of a capacitor with doped 

polycrystalline silicon as electrodes, have been investigated by measuring 
current as a function of voltage to study the mechanisms which contribute 
to an increase of the leakage current with increasing applied voltage. 
Furthermore, electrical erasable programmable read-only flash 
memory devices built using these dielectric layers in the 

floating gate structure have been measured for 'data retention loss' after 
thermal stress. The results give a complete picture on the role of the two 
topmost layers of the ONO structure towards the electrical behaviour. 

Copyright (c) 1999 INIST-CNRS. All rights reserved. 
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A low-voltage, radiation-tolerant, nonvolatile field effect transistor 
(NVFET) memory involving proton motion in SiO SUB 2 is illustrated in both 
bulk Si and silicon-on-insulator devices. We discuss a mechanism by which 
the protons are created in the oxide layer by a forming gas 
anneal. At low temperature (T<250 Degree C) , the H SUP & plus; is largely 
imprisoned 1 in the buried SiO SUB 2 layer; i.e., the ions are sandwiched 
between the two encapsulating Si layers. The Si layers can be either c-Si 
or poly-Si, thus the technology is compatible with standard Si processing. 
The protons can be reliably and controllably drifted" from one interface to 
another without any noticeable degradation in the signal past 10 SUP 6 
cycles. Under an unbiased condition, the net proton density is not 
significantly affected by radiation up to at least 100 krad (SiO SUB 2 ) . 
Last, we compare many of the properties of the NVFET to commercial 
flash nonvolatile memories. 
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L 1 evolution des memoires a semiconducteurs et en particulier de la 
famille EPROM (Erasable Read Only Memory) est liee a 1 ' identification des 
phenomenes determinants du processus de perte de la charge electronique 
stockee. Les cellules etudiees ici sont toutes proches des points de 
f onct ionnement de filieres industrialisees ou en cours de developpement (de 
4 a 256 Megabits) . On distingue deux mecanismes de perte de charge. Le 
premier est une fonction de la nature des dielectriques presents dans la 
structure et des lois qui regissent la conduction qui leur est associee. Le 
second est lie a la migration des ions alcalins dans la cellule. Partant de 
1' analyse des proprietes de la tricouche ONO (Oxyde Nitrure Oxyde) et en 
emettant 1'hypothese de I 1 injection d' electrons en fin d'ecriture, un 
modele de perte de charge est propose. II est base sur I 1 emission 
electronique assistee en temperature et la migration des electrons a 
travers I'ONO. Les mesures de perte de charge montrent qu'il ne faut pas 
descendre, dans la realisation de I'ONO, en deca de l'epaisseur tunnel de 
chaque couche et que I'obtention de couche d f epaisseur homogene et 
stoechiometrique ameliore la fiabilite du dispositif. Cette analyse 
conduit, de meme, a 1 la proposition d'un dielectrique adapte aux 
applications tres avancees. Forme par 1 ' association de nitrure et d'oxyde, 
le NO apparait comme un candidat interessant les generations EPROM et Flash 
EPROM 256 Mb. L 1 etude des contaminants ioniques a mis en oeuvre la methode 
TVS, qui s'avere un outil puissant, permettant 1' evaluation rapide et 
precise de la densite d'ions mobile dans les dielectriques epais. Une 
solution economiquement viable a ete mise au point pour prevenir les effets 
d'une eventuelle contamination sur le plan memoire. II s ' agit de la 
juxtaposition judicieuse d'un verre au phosphore et d'un verre au bore et 
au phosphore 
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Journal: Japanese journal of applied physics,, 1995, 34 (2B p.l) 
1007-1011 

Language: English 

A larger charge-to-breakdown value and much less threshold-voltage 
narrowing in the endurance properties of flash electrically erasable and 
programmable ROMs were achieved by incorporating a greater amount of 
nitrogen £ similar 10 SUP 2 SUP 1 atoms/cm SUP 3 ) into the bulk of thin 
oxide films, as well as near the oxide/Si interface. The charge 
to breakdown value of thin oxide films formed under an 
optimized heavy oxynitride condition (dry oxidation at 1100 Degree C; NH 
SUB 3 annealing at 1000 Degree C for 30 s; N SUB 2 0 annealing at 1100 
Degree C for 30 s) was four times as large as that of a conventional dry 
oxide film. These results were attributed to the suppression of 
stress-induced charge traps and the interface state, due to the 
introduction of nitrogen atoms in the oxide bulk, as well as at the 
oxide /Si interface 
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Conference Sponsor: IEEE/Lasers & Electro-Opt. Soc; OSA-Opt . Soc. 
America; Quantum Electron. Division of the Eur. Phys. Soc; Opt. Soc. 
Japanese Quantum Electron. Joint Group 

Conference Date: 6-11 May 2001 Conference Location: Baltimore, MD, USA 

Language: English 

Abstract: Summary form only given. Si nanocrystals (ncs) embedded in 
SiO/sub 2/ are an essential ingredient of a new class of flash 
memory devices, and show promise as a nonlinear optical material for 
photonic device applications. We report an optical second-harmonic 
generation ( SHG } study of nc-Si/SiO/sub 2/ nanocomposites . The results show 
that SHG from nc-Si /SiO/sub 2/ is sensitive to Si/SiO/sub 2/ electronic 
interface states and to electrostatic charging of the Si ncs, both 
essential features in their role in electronic device operation. SHG is 
also sensitive to transverse gradients in nc density, an essential feature 
in the design of photonic structures. Thus SHG uniquely characterizes 
materials and devices based on nc-Si/SiO/sub 2/. 
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Publication Date: 2000 Country of Publication: USA 871 pp. 
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Abstract: We present a systematic study of an anomalous charge leakage 
phenomenon in flash memories which occurs at temperatures below 
150 degrees C. Essential characteristics of the leakage are described in 
association with various process parameters. A new leakage mechanism based 
on diffusion of an ionic entity produced by regenerative electrochemical 
reactions through percolating networks in the silicon dioxide 
is proposed. 
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Abstract: Hole trapping characteristics in thin (10 nm) thermally grown 
silicon dioxide (SiO/sub 21) in flash memory device 

with n-type floating polycrystalline silicon (poly-Si) gate have been 
theoretically investigated under Fowler-Nordheim (FN) constant current and 
voltage stress. Theoretical results of gate voltage shift Delta V/sub G/ or 
Delta V/sub FN/ due to trapped holes show good agreement with experimental 
data of Park and Schroder [IEEE Trans. Electron Devices ED-45, 1361 (1998)] 
during constant current injection. Our theoretical analysis based on hole 
injection from the poly-Si gate (anode) at injected electron fluence Q/sub 
inj/ as low as 0.01 C/cm/sup 2/ address that constant voltage stress 
degrades the gate oxide quality faster than constant current stress due to 
enhanced charge trapping and trap creation rate under constant voltage 
stress . 
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Abstract: Metal-oxide-silicon (MOS) structures were fabricated to 
•investigate enhanced Fowler-Nordheim tunneling in thin oxides due to ion 
beam mixing. Ions of germanium were implanted into a 100 nm polycrystalline 
silicon layer deposited on 10 nm thermal silicon dioxide such 
that the tail of the implant profile contains the thin oxide. Besides 
simple MOS capacitors and transistors, flash electrically erasable 
programmable read only memory (flash EEPROM) cells were 
fabricated for the first time using this technique. Using l*10/sup 15/ 
cm/sup -2/ at 80 keV the Fowler-Nordheim tunneling barrier reduced by about 
0.9 eV at the polycrystalline gate/oxide interface and by 1.3 eV at the 
oxide/substrate interface. The consequently lower program/erase voltages in 
the flash EEPROM were measured. Flash EEPROM charge retention measurements 
show that the discharge process is logarithmic in time. This leads to the 
possibility of flash EEPROMs being programmed and erased at low voltages 
and having sufficient charge retention for several years operation. 
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Abstract: We report the effects of plasma process-induced damage during 
floating gate (FG) dry-etching process on the erase characteristics of NOR 
flash cells. As compared to flash cells processed in a stable plasma 
condition, it is found that flash cells processed in the nonoptimized 
ambient show significantly degraded erase characteristics under a negative 
gate Fowler-Nordheim (FIN) -bias, exhibiting a fast-erasing bit in the 
distribution of erased bits. However, little differences are found in 
their tunneling characteristics under a positive gate biasing. The gate 
bias polarity dependence of FN tunneling indicates that positive charges 
are created near the poly-Si/Si0//2 interface during the FG dry-etching, 
prior to the backend processes such as metal- or via-etch. 10 Refs. 
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Abstract: The concept of floating dot transistors on silicon-on-insulator 
substrate was discussed. With the concept of nanodots in silica 
environments an architecture where oxidized floating nanodots were 
embedded directly in a gate material was also investigated. The principle 
of flashing memories is storing electric-charge on non-contacted, floating 
gates. This charge can influence the switching behavior of a MOS 
field-effect-transistors (MOSFET) . The charge of the nanodots was 
controlled by the applied voltage of the transistor gate electrode. 
(Edited abstract) 7 Refs. 
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Abstract: A new MOSFET device simulator has been developed based on a 
coupled Monte Carlo procedure for the carrier transport in both Si and 
Si0//2 regions. This simulator accounts for the • image- force effect that 
modulates potential barrier height for the electron injected into SiO//2. 
Gate currents are calculated combining both the hot carrier injection and 
the back-scattering from the SiO//2 region arising from the potential 
modulation. Flash memory cell simulations were performed by 
this method. The actual MOSFET gate currents and the programming 
characteristics of the flash memory cells could be reproduced 
quantitatively without using any adjustable parameters. 4 Refs. 
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Abstract: In this paper we study the degradation and recovery of 
dielectrics in n* *+* *+-poly-Si/SiO//x/SiO//2/p-sub capacitors designed for 
application in low-voltage flash EEPROM memories. Constant 

current stress experiment have been performed and the gate voltage in the 
Fowler-Nordheim (FN) regime and the flat-band voltage monitored. 
Experiment demonstrated that SiO//x has a greater tendency to trap 
electrons than pure Si0//2 and exhibits a larger voltage shift in the FN 
regime after electrical stress. On the other hand, permanent recovery of 
the leakage current can be obtained by injection of current at very low 
flux. This effect has been tentatively explained with the annealing of 
native metastable defects occurring in concurrence with the stress induced 
creation of new traps, copy 2001 Elsevier Science Ltd. All rights reserved. 
6 Re f s . 
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Abstract: Charge gain, caused by localized defects in the tunnel oxide of 
floating gate devices, is one of the central reliability concerns of 
flash memory. In this letter, we show that charge motion in the 
poly sidewall spacers of flash cells can also result in substantial charge 
gain, for nonoptimized processes. Data showing the time, temperature, and 
field dependencies of this charge gain mechanism are presented. It is shown 
that the threshold voltage - shift caused by charge motion in the poly 
sidewall spacers follows the simple factorial expression: Delta V//t//h 
equals C center dot V//f//g center dot t** alpha center dot e** minus ** 
epsilon ** a **/**k**T . (Author abstract) 12 Refs. 
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Abstract: A nonvolatile memory that is potentially denser, faster, and 
easier to make than DRAM is developed. It relies on phase transitions by 
nanosecond heating and cooling of small regions of the memory cell. Initial 
target markets are flash memory, embedded memory and 
DRAM. 19 Refs. 
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Abstract: This paper reports on the impact of high energy (MeV) 
retrograde well implants on the reliability of Flash Memory 

devices. These implants are shown to severely damage the oxide at the LOCOS 
bird's beak edge. The degree of SiO//2 amorphization caused by the 
high-energy ion implantation is shown to be enhanced by the LOCOS 
structure. The amorphization causes accelerated oxide loss during 
subsequent oxide etch-backs. Both performance and reliability of 
Flash Memory cells is degraded due to this damage. We 

demonstrate a technique for reducing the implant induced damage and thereby 
improve device per f ormance . and reliability. {Author abstract) 2 Refs. 
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Abstract: ; The characteristic of reoxidized nitrided SiO//2 {ONO) 
breakdown in Flash memory devices, upon current stressing is 
being investigated. Results indicate that current stressing on the ONO 
layer is very detrimental to the performance of the Flash device, and this 
situation is inevitable during the device fabrication. It is found that 
with a constant current of 5 mu A passing through an ONO layer of X 200A' 
thickness (with an area of 50,000 mu m**2), it takes just only a mere 20 
seconds to kill the device. The situation worsens when the polarity is 
reversed (a negative current of the same magnitude passing through the ONO 
layer) and the device almost immediately breaks down. It was reported that 
the dielectric breakdown was triggered by accumulated holes, but we believe 
that for our situation, several other causes are possible for the short 
breakdown time of the ONO layer, especially during the negative-current 
flow. These include the imperfect interface at the bottom oxide and 
nitride, the trapped charges in the oxide and the band-bending at the 
interfaces of polysilicon and oxide, and they are being discussed. (Author 
abstract) 10 Refs. 
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Abstract: The influence of phosphorus at the Floating Gate (FG) /tunnel 
oxide interface on the FLASH memory data retention 
characteristics is investigated. By measuring the electrical 
characteristics of memory cells and MOS capacitors, a close relationship 
was found between the memory cell data retention and Stress Induced Leakage 
Current (SILC) . Lowering the phosphorus density in the FG suppresses SILC 
and prolongs the data retention. Applying amorphous Si (a-Si) to the FG, in 
addition, is also found to improve SILC. Thus, the memory cell data 
retention characteristics is expected to be improved when a-Si is applied 
to the FG. This a-Si FG advantage is investigated by C-V characteristics, 
SIMS (Secondary Ion Mass Spectroscopy) and EDX (Energy Dispersive X-Ray 
Spectroscopy) analysis. In spite of the high impurity activation ratio, the 
phosphorus concentration at the FG/tunnel oxide interface was confirmed to 
be lower for the a-Si FG than for the poly-Si FG . Applying a-Si therefore, 
is confirmed to have the same effect as lowering the phosphorus 
concentration in the FG but preventing the gate depletion effect. This 
attractive phenomenon for a-Si may be resulting from the lower phosphorus 
diffusion along the grain boundary. a-Si therefore will be considered as 
the promising material for high reliability FLASH memories. 
{Author abstract) 9 Refs. 
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Title: Temperature dependence of TDDB characteristics of thin SiO//2 film 
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Author: Katsumata, M. ; Teramoto, A.; Kobayashi, K . ; Mazumder, M.K.; 
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USA, 97TH8289. p 152-155 

Publication Year: 1997 

CODEN: 002346 

Language: English 

Abstract: Using a large area capacitor, the temperature dependence of 
TDDB characteristics for various electric fields was investigated in 
detail. From the experimental results, it is found that the Qbd value is 
more dependent on temperature rather than on the electric field. It is also 
found that the initial breakdown region is divided into two parts, above 
175 degree C, the activation energy of the front part of the initial 
breakdown region is greater than the intrinsic region. It should be 
possible to use this newly obtained result efficiently to estimate the 
extrinsic breakdown distribution within a short period during the burn-in 
test. Therefore, the findings should contribute to the improvement of the 
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reliability of the actual device. (Author abstract) 5 Refs. 
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E.I. Conference No.: 46599 
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Publication Year: 1997 

CODEN: ASUSEE ISSN: 0169-4332 
. Language: English 

Abstract: The influence of phosphorus at the floating gate (FG) /tunnel 
oxide interface on the FLASH memory data retention 
characteristics is investigated. By measuring the electrical 
characteristics of memory cells and MOS capacitors, a close relationship 
was found between the memory cell data retention and stress induced leakage 
current (SILC) . Lowering the phosphorus density in the FG suppresses SILC 
and prolong the data retention. Applying amorphous Si (a-Si) to the FG, in 
addition is also found to improve SILC. Thus the memory cell data retention 
characteristics are expected to be improved when a-Si is applied to the FG . 
This a-Si FG advantage is investigated by C-V characteristics, SIMS and EDX 
analysis. In spite of the high impurity activation ratio, the phosphorous 
concentration at the FG/tunnel oxide interface was confirmed to be lower 
for the a-Si FG than for the poly-Si FG. Applying a-Si therefore, is 
confirmed to have the same, effect as lowering the phosphorus concentration 
in the FG but preventing the gate depletion effect. This attractive 
phenomenon for a-Si may result from the lower phosphorus diffusion along 
the grain boundary. a-Si therefore is the most promising material for high 
reliability FLASH memories. (Author abstract) 9 Refs. 
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Abstract: The proceedings contains 28 papers. Topics discussed include 
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nonvolatile magnetic memory, mobile computing, ultra-high density memory, 
optical memory devices, flash memory architecture, 
semiconductor devices, silica films, mass storage media. 
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Abstract: A numerical model to calculate the tunneling time from the 
channel of a metal-oxide-semiconductor device into a silicon 
nanocrystal embedded in Si02 is presented. Self-consistent 
simulations of the Kohn-Sham and Poisson equations are performed to 
study the role of the size, shape, and barrier thickness of a quantum 
dot (QD) . We found that the charging process is very sensitive to the 
shape of the QD, resulting in changes of several orders of magnitude in 
the electron transfer and retention times. (C) 2002 American Institute 
of Physics. 
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Abstract: The quality of active dielectrics and in particular of tunnel 
oxide has a strong impact on Flash memory yield and 

reliability. For this reason, major efforts are required to improve 
active oxide characterisation methodology. 

A monitor of extrinsic defects and local dielectric thinning is 
crucial to improve device yield and tighten threshold distributions. 
Besides, deeper characterizations are necessary for correlating device 
and simple structures intrinsic degradation during cycling. This is 
mostly important when introducing new fabrication process steps. 
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Moreover, high temperature data retention is directly correlated to 
the quality of all dielectrics surrounding the floating gate. The 
interpoly dielectric is the most critical from this point of view: a 
methodology to monitor the dielectric thickness and composition will be 
presented . 

Finally, the reduction of tunnel oxide thickness below 10 nm causes 
the onset of Stress Induced Leakage Current (SILC) . In most recent 
technologies this causes problems of single bit charge loss at room 
temperature after cycling. A characterization of the phenomenon on 
simple structures is here reported, allowing a better understanding of 
the failure mechanisms. Key parameters are pointed out, although 
without reproducing the observed anomalous leakage currents found only 
in a few cells of real ' devices . (C) 2002 Elsevier" Science Ltd. All 
rights reserved . 
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Abstract: This paper analyzes MOSFET degradation in the regime of hot 

carrier injection enhanced by substrate bias Substrate-Enhanced Gate 
Current (SEGC) . The results are compared with the damage generated 
during conventional Channel Hot Carrier (CHC) stress experiments. 

The investigation was carried out on state of the art n(+)-poly 
n-MOSFETs and p(+)-poly p-MOSFETs, and it includes both a detailed 
characterization of standard electrical parameters (i.e., threshold 
voltage, drain current and linear transconductance) and a spatial 
profiling of stress-induced interface states. 

Our results reveal that the application of a substrate bias 
enhances degradation on both n-MOS and p-MOS devices and spreads toward 
the center of the channel the spatial profile of the damage . For a 
given gate current and oxide field in the injection region, the total 
amount of the generated damage is quite similar in both cases, but in 
the SEGC regime, the spatial distribution of generated traps is more 
distributed along the channel. 
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Abstract: High-quality jet vapor deposition nitride is investigated as a 
tunnel dielectric for flash memory device application. 
Compared to control devices with Si02 tunnel dielectric, faster 
programming speed as well as better retention time are achieved with 
low programming voltage. The p-channel devices can be programmed by hot 
electrons and erased by hot holes, or vice versa. Multilevel 
programming capability is shown. 
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Abstract: A detailed monitoring of stressed thermal oxide designed for 
Flash memories application is reported The samples were 
stressed through a constant current injection and characterized by 
current-voltage and capacitance-voltage measurements at different steps 
of degradation. Low-frequency capacitance measurements under substrate 
accumulation have been also performed and interpreted by a model which 
takes into account the contribution to capacitance given by trapped 
charge moving between defects under a small signal perturbation. 
Results obtained in deposited oxide are also reported. 
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Abstract: In this paper we Study the degradation and recovery of 

dielectrics in n ( + + ) -poly-Si/SiOx/Si02/p-sub capacitors designed 
for application in low-voltage flash EE PROM memories. 
Constant current stress experiment have been performed and the gate 
voltage in the Fowler-Nordheim (FN) regime and the flat-band voltage 
monitored. Experiment demonstrated that SiOx has a greater tendency to 
trap electrons than pure Si02 and exhibits a larger voltage shift 
in the FN regime after electrical stress. On the other hand, permanent 
recovery of the leakage current can be obtained by injection of current 
at very low flux. This effect has been tentatively explained with the 
annealing of native metastable defects occurring in concurrence with 
the stress induced creation of new traps, (C) 2001 Elsevier Science 
Ltd. All rights reserved. 
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Abstract: We report on a novel fabrication technology of a Si nanowire 
memory transistor using an inorganic Si02 electron beam (EB) 
resist process. The inorganic EB resist process technique was put to 
practical use in Si nanodevice fabrication for the first time. We have 
successfully demonstrated the 15-nm-wide and 20-nm-thick Si nanowire 
memory transistor with a Si nanodot less than 10 nm in diameter. In the 
fabricated Si nanowire nanodot memory transistor, we have observed a 
large electron memory effect, i.e., a threshold voltage shift 
DeltaV(th) of 2.2 V at room temperature. It is experimentally shown 
that the inorganic EB resist process is promising for fabricating 
various Si nanodevices. (C) 2000 American Vacuum Society. 
[S0734-211X(00)03306-0] . 
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Abstract: This work investigates the origin of the dispersion of 
tunnel-erased threshold voltages (V-T) in flash EE PROM 
memory cells. A clear correlation between cell-to-cell variations 
of tunnel current I-T. and dispersion of erased V-T is demonstrated by 
looking at the I-T characteristics and the erasing characteristics 
corresponding to channel and source injection as well as at the 
dependence of I-T and V-T dispersion on device area and tunnel 
polarity. Experimental evidence is provided that nonuniform injection 
at polySi/Si02 interface is a major cause of erased V-T 
dispersion . 



24/3,AB/26 (Item 9 from file: 34) 

DIALOG ( R} File 34 : SciSearch ( R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

08609722 Genuine Article#: 307VN Number of References: 16 
Title: Development of a low-cost tide gauge (ABSTRACT AVAILABLE) 
Author(s): Giardina MF (REPRINT) ; Earle MD; Cranford JC; Osiecki DA 
Corporate Source: NEPTUNE SCI INC, 40201 HIGHWAY 190 E/SLIDELL//LA/704 61 
(REPRINT) 

Journal: JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY, 2000, V17, N4 (APR) 
, P575-583 

ISSN: 0739-0572 Publication date: 20000400 

Publisher: AMER METEOROLOGICAL SOC, 45 BEACON ST, BOSTON, MA 02108-3693 
Language: English Document Type: ARTICLE 

Abstract: A low-cost tide gauge was developed and field tested to 

demonstrate a technology that would enable more cost-effective and 
greater sampling of spatially variable water levels and ocean surface 
waves. The gauge was" designed to be adaptable to expendable and, 
possibly, air-deployed use for applications such as support of naval 
operations. The gauge incorporates a single printed circuit board that 
includes a very low power 3.3-Vdc microprocessor and 1 Mbyte of 
nonvolatile flash memory. A low-cost solid-state pressure 
sensor provides pressure data that are corrected automatically as a 
function of measured pressure and temperature and are processed within 
the gauge to provide low-frequency water levels and nondirectional 
surface wave information. Gauge-operating lifetimes range from more 
than four months to more than two years, depending on the data 
collection mode (tide or tide-wave) and the data collection interval 
(half-hourly or hourly) . Gauge measurements are compared to 
measurements from a Sea-Bird Electronics, Inc., wave and tide gauge 
that uses a high quality quartz sensor. 
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Abstract: The process to make nanocrystals with an average size < 5 nm and 
a spatial density > 10 (12) /cm (2) was proposed using agglomeration and 
partial oxidation of thin amorphous Si0.7Ge0.3 layer deposited in 
between the Si02 layers by low pressure chemical vapor 

deposition. The reason to use an amorphous layer is to make it possible 
to deposit a thin continuous layer with a thickness of less than 5 nm. 
Si0.7Ge0.3 alloy layer'was used to control the spatial density of the 
nanocrystals by using selective oxidation of Si in Si0.7Ge0.3 alloy 
layer. The single electron memory, similar to a flash type 
memory device was fabricated using these Si0.7Ge0.3 nanocrystals. 
The Coulomb blockade effect could be clearly observed at room 
temperature with a threshold voltage shift of about 2.4 V, which 
demonstrated the formation of nanocrystals with a high spatial density. 
<C) 2000 American Institute of Physics. [S0021-8979 ( 00) 06405-7 ] . 
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Abstract: Stress Induced Leakage Current (SILC) has been recognized as a 
topic of concern in flash memory reliability. It is a 

veritable failure mechanism, occurring long before oxide breakdown and, 
hence, limiting oxide lifetime. The physical origin and mechanisms of 
SILC have not yet been clearly understood and several open points to 
discussion remain, In this work the electrical characteristics of SILC 
have been studied and an empirical reliability model for ultra-thin 
gate oxide has been proposed. Moreover, ionizing radiation effects in 
leakage current generation have been analyzed and compared to 
electrical SILC, (C) 2000 Elsevier Science Ltd. All rights reserved. 
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Abstract: The origin of insulator defects in gate oxides and poly-oxides 
was thoroughly investigated. We clarified that octahedral void defects 
originating in a Czochralski silicon substrate are responsible for 
gate-oxide defects and that polyhedral void defects produced during 
annealing or oxidation are responsible for defects in insulators on 
poly-silicon. These are expected to be the principal defects affecting 
the yield and reliability of next-generation metal-oxide-silicon 
large-scale integrated-circuits or flash memories. In 
addition, defects in the buried oxides of a silicon-on-insulator 
substrate were also examined. Octahedral defects or polyhedral defects 
were observed just under the buried-oxide defects. Octahedral defects 
and polyhedral defects may be common in standard metal-oxide-silicon 
large-scale integrated-circuits, flash memories, and 
silicon-on-insulator substrates. 
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Author(s): Itsumi M (REPRINT) ; Akiya H; Tomita M; Ueki T; Yamawaki M 
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Journal: SOLID-STATE ELECTRONICS, 1998, V42, Nl (JAN), P107-113 

ISSN: 0038-1101 Publication date: 19980100 

Publisher: PERGAMON- ELSEVIER SCIENCE LTD, THE BOULEVARD, LANGFORD LANE, 

KIDLINGTON, OXFORD, ENGLAND OX5 1GB 
Language: English Document Type: ARTICLE 

Abstract: Gate-oxide and inter-gate-oxide defects in floating-gate 

transistors and hash memories, the number of which has been minimized 
but is still not zero, have been examined extensively. Gate-oxide 
defects are due to 0.1 mu m size octahedral void pits at the Si 
surface. They are originally grown-in defects in the Si crystal and 
appear as surface pits when they are truncated at the surface when 
wafers are sliced and polished. On the other hand, inter-gate oxide 
defects are due to polygonal-shaped voids at the poly-silicon grain 
boundary. These defects are produced as a negative crystal in the 
crystallization process of amorphous Si during annealing. Methods for 
eliminating the above defects are suggested. (C) 1998 Elsevier Science 
Ltd. All rights reserved. 
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Journal: PROCEEDINGS OF THE IEEE, 1997, V85, N8 (AUG), P1248-1271 
ISSN: 0018-9219 Publication date: 19970800 

Publisher: IEEE-INST ELECTRICAL ELECTRONICS ENGINEERS INC, 345 E 47TH ST, 

NEW YORK, NY 10017-2394 
Language: English Document Type: ARTICLE 

Abstract: The aim of this paper is to give a thorough overview of 
Flash memory cells. Basic operations and charge-injection 
mechanisms that are most commonly used in actual Flash 
memory cells are reviewed to provide an understanding of the 
underlying physics and principles in order to appreciate the large 
number of device structures, processing technologies, and circuit 
designs presented in the literature. New cell structures and 
architectural solutions have been surveyed to highlight the evolution 
of the Flash memory technology, oriented to both reducing 
cell size and upgrading product functions. The subject is of extreme 
interest: new concepts involving new materials, structures, principles, 
or applications are being continuously introduced. The worldwide 
semiconductor memory market seems ready to accept many new applications 
in fields that are not specific to traditional nonvolatile memories. 
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Journal: IEEE ELECTRON DEVICE LETTERS, 1997, V18, N8 (AUG), P385-387 
ISSN: 0741-3106 Publication date: 19970800 

Publisher: IEEE-INST ELECTRICAL ELECTRONICS ENGINEERS INC, 345 E 47TH ST, 

NEW YORK, NY 10017-2394 
Language: English Document Type: ARTICLE 

Abstract: The high-quality ultrathin tunnel oxide using a low thermal 

budget dual oxidation has been developed. Due mainly to the reduction 
of imperfect chemical bonds and interface roughness, the tunnel and 
gate oxide quality in the fabrication of flash memory such 
as stress-induced leakage current (SILC), effective electron mobility, 
and cycling endurance characteristics, were improved compared to the 
pure dry oxides . - 
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Author(s): Ghidini G (REPRINT) ; Tosi M; Clementi C 
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Journal: SOLID-STATE ELECTRONICS, 1997, V41, N7 (JUL), P975-979 
ISSN: 0038-1101 Publication date: 19970700 

Publisher: PERGAMON- ELSEVIER SCIENCE LTD, THE BOULEVARD, LANG FORD LANE, 

KIDLINGTON, OXFORD, ENGLAND OX5 1GB 
Language: English Document Type: ARTICLE 

Abstract: In /order to reduce dopant diffusion to obtain device scaling, a 
decrease of any thermal treatment is required. Therefore, to substitute 
dry thermal oxides for 4 tunnel application in Flash Memories 
, the possibility of using steam oxides grown at low temperatures was 
studied, considering, in addition, scaling of these oxides for future 
generations. Results concerning oxide reliability and charge trapping 
for elementary structures are presented and correlated with device 
performance. (C) 1997 Elsevier Science Ltd. 
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Journal: JOURNAL OF THE ELECTROCHEMICAL SOCIETY, 1997, Vl ? 44, N2 (FEB) P 

758-764 . . _ 

ISSN: 0013-4651 Publication date*: 19970200 

Publisher: ELECTROCHEMICAL SOC INC, 10 SOUTH MAIN STREET, PENNINGTON NJ 
08534 

Language: English Document Type: ARTICLE 

Abstract: Device scaling down requires the decreasing of any thermal 

treatment in order to reduce dopant diffusion. The possibility of using 
steam oxides grown at low temperatures to substitute dry thermal oxides 
for tunnel application in flash memory is investigated here 
comparing different technologies: standard dry/steam and N20 nitrided 
dry/steam oxides. A direct comparison in terms of oxide defect level 
and breakdown characteristics is presented, also considering the charge 
trapping behavior of area and periphery capacitors. A correlation 
between residual charge trapping and intrinsic reliability of these 
oxides is also presented, showing that the overall best performances 
are obtained by the nitrided oxides. The nitridation of steam oxide at 
high temperature results in good charge trapping characteristics, 
comparable with those of a nitrided dry oxide; at the same time 
charge-to-breakdown improves, while the defect level decreases. In the 
investigated thickness range even the nitridation of a steam oxide at 
low temperature resulted in a suitable dielectric for tunnel 
application in flash memories . 
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Title: EXCELLENT EMISSION CHARACTERISTICS OF TUNNELING OXIDES FORMED USING 

ULTRATHIN SILICON FILMS FOR FLASH MEMORY DEVICES (Abstract 

Available) 

Author(s): WANG PW; KU TK; SU HP; HONG G; CHENG HC 
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Journal: JAPANESE JOURNAL OF APPLIED PHYSICS PART 1 -REGULAR PAPERS SHORT 

NOTES & REVIEW PAPERS/ 1996, V35, N6A ( JUN) , P3369-3373 
ISSN: 0021-4922 

Language: ENGLISH Document Type: ARTICLE 

Abstract: A novel technique using oxidized ultrathin rugged polysilicon 
films on silicon substrates has been appied-to significantly improve 
the tunneling efficiency of thin oxides. As compared with oxidized 
amorphous silicon films, these rugged polysilicon films can achieve a 
higher emission current. High-resolution transmission electron 
microscopy (HRTEM) was used to observe the atomic-scale microtips at 
the Si02/Si and polysilicon/Si02 interfaces. According to 
the extracted geometry parameters of the microtips, a two-dimensional 
numerical simulator based on the finite difference method using the 
curved emitting surface of microtips can well explain the remarkable 
current asymmetry of the dielectrics. This suggests that the oxidized 
rugged polysilicon films can form higher microtips and smaller tip 
angles, resulting in better emission characteristics that will enable 
potential applications to future 5-V-only nonvolatile memories. 
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Author{s): VANHOUDT JF; GROESENEKEN G; MAES HE 
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Journal: IEEE TRANSACTIONS ON ELECTRON DEVICES, 1995, V4Z, N7 (JUL), P 

1314-1320 
ISSN: 0018-9383 

Language: ENGLISH Document Type: ARTICLE 

Abstract: This paper presents an analytical model for the description of 
the programming operation in split-gate source-side injection 
Flash memory devices, From a dual-gate MOS model and from 
device simulations, it is found that the lateral field is almost 
independent of the floating-gate voltage which focuses the description 
of the gate current during programming on the physics of the Si- 
Si02 barrier lowering effect. The traditional Lucky Electron 
Model [1] is used to accurately describe the gate current and, 
therefrom, the programming characteristic is calculated analytically 
with a minor approximation, The validity and the usefulness of the 
model for device design purposes is demonstrated by comparing the 
results to experimental data obtained from Flash EEPROM cells 
fabricated in a 1 . 2 mu<m-and a 0.7 mu m technology, respectively. 
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KOIGAKUBO/KOKUBUNJI /TOKYO 185/ JAPAN/ 
Journal: JOURNAL OF THE KOREAN PHYSICAL SOCIETY, 1995, V28, S (FEB), PS1-S7 
ISSN: 0374-4884 

Language: ENGLISH Document Type: ARTICLE 

Abstract: Charge trapping phenomena and TDDB characteristics in thin gate 
Si02 film of advanced MOS devices have been investigated. The 
electron trapping is strongly related to the SiOH or SIH bond in the 
Si02 films, while the hole trapping is caused by formation of 
oxygen vacancy in the Si02 . There is a seesaw relationship 
between the hole trap density and the electron trap density, and 
accordingly, we can not expect to reduce the electron trap and the hole 
trap simultaneously. We found that the oxynitridation of Si02 
film decreased both the electron traps and the hole traps in the 
Si02. This oxynitried Si02 gate dielectric improved in the 
programming time degradation during program/erase cyclic operations of 
the flash-memory . 
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Language: ENGLISH Document Type: ARTICLE 

Abstract: Flash memories are normally erased by means of 

high-field electron tunnelling from the floating gate into the source. 
As a consequence the time needed is generally two orders of magnitude 
larger (approximate to 1 ms vs . approximate to 10 mu s) than that used 
for writing, and is obtained by means of much higher currents due to 
channel hot electrons. It is important therefore to determine whether 
it is possible to reduce the erase time, in order to make it comparable 
with that used for writing. With regard to such a problem, this work 
describes the results of a comprehensive and detailed characterization 
of flash structures aimed at evaluating how ultra-short, high voltage 
erasing pulses affect the reliability of the device. 
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Journal: IEEE ELECTRON DEVICE LETTERS, 1993, V14, N9 (SEP), P435-437 
ISSN: 0741-3106 

Language: ENGLISH Document Type: ARTICLE 

Abstract: Hot-hole injection into the opposite channel of SOI MOSFET's 
under hot-electron stress is reported. Sequential front /back-channel 
hot-electron stressing results in successive hot-electron/hole 
injection, causing the threshold voltage to increase and decrease 
accordingly. This ability to inject hot holes into the opposite gate 
oxide can be used as an additional tool for studying the degradation 
mechanisms. Furthermore, it may be explored for possible use in 
designing SOI flash memory cells with back-channel-based 
erasing schemes. 
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JUN), P370-376 
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Abstract: The paper reports an investigation into the design and process 
constraints of FLASH EEPROM memory cells. It describes 

several possible structures which were developed by the MOS memory R&D 
group of National Semiconductor Corporation at West Jordan, Utah. These 
structures were implemented and tested on a specially designed test 
chip. In addition to the typical structures of poly 1 floating gate and 
poly 2 control gate, new novel structures of poly 2 floating gate and 
poly 1 control gate were implemented. A total of 5 major structures are 
described. The paper discusses the principle of operation, 

advantages and disadvantages of each of these structures. It also 
includes characteristic results and discussion of the performance of 
these candidate cells. 
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EIKYU K (1); SAKAKIBARA K (1); ISHIKAWA K (1); NISHIMURA T (1) 
(I) Mitsubishi Electric Corp., Itami-shi, Jpn 

IEICE Trans Electron ( Inst Electron Inf Commun Eng) , 1999, VOL . E82-C, NO . 6, 

PAGE . 88 9-8 93, FIG. 9, REF.10 
JOURNAL NUMBER: L1370AAA ISSN NO: 0916-8524 
UNIVERSAL DECIMAL CLASSIFICATION: 621.382 MIS 
LANGUAGE: English COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 
ARTICLE TYPE: Original paper 
MEDIA TYPE: Printed Publication 

ABSTRACT: A gate oxide excess current model is described based on the 

phonon-assisted tunneling ptocess of electrons into neutral traps. The 
influence on local electric field of charge of electrons trapped by 
neutral traps in gate oxide is simulated using a two-dimensional devic 
simulator into which the new model is incorporated. FN current is 
suppressed with an increase in the, neutral trap density to over 
1019cm-3. The calculated • results reflect the endurance characteristics 
of flash memories in which erase/write operation speed 
depends on FN current, (author abst.) 
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LANGUAGE: English COUNTRY OF PUBLICATION: Japan 

DOCUMENT TYPE: Journal 

ARTICLE TYPE: Original paper 

MEDIA TYPE: Printed Publication 

ABSTRACT: Tunneling current enhancement due to electric field concentration 
at a gate edge is investigated by numerical calculation. The detailed 
current distribution and change of current-voltage (I-V) 
characteristics are calculated for several gate geometries differing in 
curvature radius. It- is shown that the current density of an MOS 
structure with an oxide thickness of 12nm varies by 3 orders of 
magnitude when the curvature radius at the gate edge changes from 30nm 
to 2nm. A very narrow region of 8nm at the curvature area is 
' responsible for 80% of the total current between the gate and n+ 
region. The calculated change in I-V characteristics is consistent with 
the experimentally measured I-V curve of a polysilicon gate/Si02 
/n+-silicon structure, (author abst.) 
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Le developpement et 1 1 optimisation des memoires non volatiles ont conduit 
a 1' emergence des memoires EEPROM et FLASH EEPROM aujourd'hui tres fiables, 
qui occupent desormais la majeure partie de la production mondiale. Dans le 
but de proposer un dispositif aussi fiable et consommant encore moins 
d'energie, 1 1 idee d'un systeme de memoire non volatile a emerge en 1996 
ayant pour base la migration de protons mobiles dans 1 ' oxyde de grille d'un 
transistor MOS. Ces protons sont obtenus par recuit des structures sous 
hydrogene. C'est done dans cette perspective que ce travail de these a ete 
engage. Tout d'abord une etude experimentale exhaustive concernant les 
conditions de creation de protons mobiles dans 1 1 oxyde de silicium est 
rapportee. Elle a ete realisee sur des dispositif s elementaires fabriques 
sur des substrats Silicon On Insulator (SOI), les premiers a avoir permis 
cet ef f et . Les premiers dispositif s memoires ayant demontre des 
caracteristiques prometteuses , l'etape suivante dans cette etude a concerne 
le remplacement de la structure SOI par une structure similaire realisee 
avec des procedes et des materiaux plus standards et en particulier avec de 
1* oxyde de silicium thermique. Cette etape franchie sur des dispositif s 
capacitifs, nous avons engage la fabrication d'un transistor memoire. 
L'oxyde thermique a ete utilise et des procedes de realisation ont ete 
tentes. Si les transistors ont permis, pour une part, de creer les protons 
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mobiles dans 1 ' oxyde de grille, la caracterisation electrique des 
dispositifs a mis en evidence des disf onctionnements majeurs qui empechent 
la fabrication reelle de ce type de memoire non volatile. En revanche, 
1' etude a permis de mieux comprendre les reactions chimiques entre l f oxyde 
de silicium et l'hydrogene, ces deux composants restant tres presents dans 
les procedes technologiques de la microelectronique d ' au jourd ' hui . 

Copyright (c) 2002 INIST-CNRS. All rights reserved. 
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The effect of the Floating Gate/tunnel SiO SUB 2 interface on FLASH 
memory data retention re-liability 
KUBOTA T; ANDO K; MURAMATSU S 
ULSI Device Development Laboratories, Japan 
Journal: NEC research & development,' 1997, 38 (4) 412-418 
Language: English 

The influence of phosphorus at the Floating Gate (FG) /tunnel oxide 
interface on the FLASH memory data retention characteristics is 
investigated. By measuring the electrical characteristics of memory cells 
and MOS capacitors, a close relationship was found between the memory cell 
data retention and Stress Induced Leakage Current (SILC) . Lowering the 
phosphorus density in the FG suppresses SILC and prolongs the data 
retention. Applying amorphous Si (a-Si) to the FG, in addition, is also 
found to improve SILC. Thus, the memory cell data retention characteristics 
is expected to be improved when a-Si is applied to the FG. This a-Si FG 
advantage is investigated by C-V characteristics, SIMS {Secondary Ion Mass 
Spectroscopy) and EDX (Energy Dispersive X-Ray Spectroscopy) analysis. In 
spite of the high impurity activation ratio, the phosphorus concentration 
at the FG/tunnel oxide interface was confirmed to be lower for the a-Si FG 
than for the poly-Si FG . Applying a-Si therefore, is confirmed to have the 
same effect as lowering the phosphorus concentration in the FG but 
preventing the gate depletion effect. This attractive phenomenon for a-Si 
may be resulting from the lower phosphorus diffusion along the grain 
boundary. a-Si therefore will be considered as the promising material for 
high reliability FLASH memories. 

Copyright (c) 1998 INIST-CNRS . All rights reserved. 
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The influence of phosphorus at the floating gate ( FG) /tunnel oxide 
interface on the FLASH memory data retention characteristics is 
investigated. By measuring the electrical characteristics of memory cells 
and MOS capacitors, a close relationship was found between the memory cell 
data retention and stress induced leakage current (SILC) . Lowering the 
phosphorus density in the FG suppresses SILC and prolong the data 
retention. Applying amorphous Si (a-Si) to the FG, in addition is also 
found to improve SILC. Thus the memory cell data retention characteristics 
are expected to be improved when a-Si is applied to the FG. This a-Si FG 
advantage is investigated by C-V characteristics, SIMS and EDX analysis. In 
spite of the high impurity activation ratio, the phosphorous concentration 
at the FG/tunnel oxide interface was confirmed to be lower for the a-Si FG 
than for the poly-Si FG. Applying a-Si therefore, is confirmed to have the 
same effect as lowering the phosphorus concentration in the FG but 
preventing the gate depletion effect. This attractive phenomenon for a-Si 
may result from the lower phosphorus diffusion along the grain boundary, 
a-Si therefore is the most promising material for high reliability 
FLASH memories . 
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